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POLYMERIZABLE LIQUID CRYSTAL 
COMPOSITION CONTAINING 

FLUORINE-SUBSTITUTED (METH) 
ACRYLATE DERIVATIVES 

FIELD OF THE INVENTION 

The present invention relates to a composition containing a 
?uorine-substituted (meth)acrylate derivative Which is a 
polymeriZable liquid crystal compound, and a polymer 

obtained from the composition, and uses of the polymer as an 
optical compensating ?lm and so forth. 

BACKGROUND OF THE INVENTION 

A polymeriZable compound having a liquid crystal phase 
provides polymers having functions such as optical compen 
sation by polymerization. This is because an orientation of 
liquid crystal molecules is ?xed by polymerization. Various 
polymeriZable compounds are developed in order to utiliZe 
such function of the polymers. HoWever, only one polymer 
iZable compound may not ful?ll satisfactory functions. Then, 
it has been tried to prepare a composition from several poly 
meriZable compounds and polymeriZe this composition. 

Patent document 1: JP Hl0-3 l 9408 A/l998 (GB 2324382 
A). 

Patent document 2: JP 2004-198478 A/2004. 
Patent document 3: JP 2002-243942 A/2002. 

SUMMARY OF THE INVENTION 

The present invention includes a composition containing a 
compound represented by the folloWing formula, a polymer 
obtained by polymerizing the composition and uses thereof. 
A composition containing at least one compound repre 

sented by Formula (1) as a ?rst component, at least one 
compound represented by Formula (2) as a second compo 
nent and at least one compound represented by Formula (3) as 
a third component: 

in Formula (1), R is hydrogen or methyl; L is hydrogen, 
?uorine, chlorine, methyl, tri?uoromethyl or cyano; A is l,4 
phenylene, 2-?uoro-l,4-phenylene, 2,3-di?uoro-l,4-phe 

20 

25 

30 

35 

40 

65 

2 
nylene, 2-methyl-l ,4-phenylene, 2-tri?uoromethyl-l ,4-phe 
nylene, 4,4' 
biphenylene, 2,6-naphthylene, 9-methyl?uorene-2,7-diyl or 
9,9-dimethyl?uorene-2,7-diyl; Z is ‘C004, 4OCOi, 

%H2CH2COOi, ADCOCH2CH2i, 
%H:CHCOOi, iOCOCH:CHi, %H2CH2i, 
4CECi, iCHZOi or 4OCH2i; and n is an integer of 
l to 10; 

2,3 -bis(tri?uoromethyl)- l ,4-phenylene, 

(2) 

in Formula (2), L is hydrogen or ?uorine; A is l,4-phenylene, 
2-?uoro-l,4-phenylene, 2,3-di?uoro-l,4-phenylene, 2-me 
thyl-l ,4-phenylene, 2-tri?uoromethyl-l,4-phenylene, 2,3 
bis(tri?uoromethyl)-l,4-phenylene, 4,4'-biphenylene, 2,6 
naphthylene, 9-methyl?uorene-2,7-diyl or 9,9 
dimethyl?uorene-2,7-diyl; Z is 4COOi, 4OCOi, 
%H2CH2COOi, ADCOCH2CH2i, 
%H:CHCOOi, iOCOCH:CHi, %H2CH2i, 
4CECi, iCHZOi or 4OCH2i; and n is an integer of 
l to 10; 

(3) 

in Formula (3), R is hydrogen or methyl; L is hydrogen or 
?uorine; X is tri?uoromethyl, tri?uoromethoxy, cyano, alkyl 
of l to 10 carbons or alkoxy of l to 10 carbons; Y is hydrogen 
or ?uorine; Z is a single bond, 4COOi, 4OCOi, 
%H2CH2COOi, ADCOCH2CH2i, 

(1) 

iOCOCH:CHi, %H2CH2i, 
4CECi, iCHZOi or 4OCH2i; and n is an integer of 
lto l0. 
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DETAILED DESCRIPTION OF THE INVENTION 

Terms in the present speci?cation are used in the following 
manners. A liquid crystal compound is a general term for 
compounds having a liquid crystal phase and compounds 
Which do not have a liquid crystal phase but are useful as 
components for liquid crystal compositions. A liquid crystal 
phase includes a nematic phase, a smectic phase, a cholesteric 
phase and so forth and it means a nematic phase in many 
cases. PolymeriZability means ability in Which monomers are 

polymeriZed by means such as light, heat, catalysts and so 
forth to provide polymers. At least one compound represented 
by Formula (1) shall be represented as a compound (1). The 
same shall apply to at least one compound represented by 
Formula (2). A code L Was used in both of Formulas (l) and 
(2). The meaning of tWo codes L may be the same or different 
each other. For example, there is a case in Which L in Formula 
(1) and Formula (2) is hydrogen. There is a case in Which L in 
Formula (1) is hydrogen and L in Formula (2) is ?uorine. In 
Formula (1), four codes L Were used. The meaning of all these 

codes may be the same or different each other. Such rule shall 
be applied to the meanings of the other codes. (Meth)acrylate 
represents one or both of acrylate and methacrylate. The ratio 
(%) of the compound (1 ), the compound (2) or the compound 
(3) Which is a component of the composition is % by Weight 
(Wt %) calculated based on the Whole Weight of these three 
polymeriZable compounds. The added amount (%) of the 
other component in the composition is % by Weight (Wt %) 
calculated based on the Whole Weight of the compounds (1), 
(2) and (3). 

Orientation in a liquid crystal molecule is classi?ed into 
homogeneous (parallel), homeotropic (vertical), tilted 
tWisted and so forth based on a siZe of a tilt angle and so forth. 

The tilt angle is an angle betWeen a director (an orientational 
vector) of a liquid crystal molecule and a supporting plate. 
The homogeneous means a state in Which the director is 
parallel to the plate and lines up in the same direction. The 
examples of the tilt angle are 0 degree to 5 degrees. The 
homeotropic means a state in Which the director is vertical to 
the plate. The examples of the tilt angle are 85 degrees to 90 
degrees. The tilted means that the director is standing up from 
a parallel state to a vertical state as the director becomes apart 
from the plate. The examples of the tilt angle are 5 degrees to 
85 degrees. The tWisted means a state in Which the directors 
are parallel to the plate and tWisted like a staircase centering 
a screW axis. The examples of the tilt angle are 0 degree to 5 
degrees. 

The advantage of the present invention is a composition 
satisfying at least tWo characteristics among the characteris 
tics such that it has a liquid crystal phase such as a nematic 
phase and so forth; it has a broad temperature range of a liquid 
crystal phase; it has an orientation of homogeneous, tilted, 
homeotropic, tWisted and so forth; it has an even orientation; 
its orientation can be selected; it is liable to be polymerized; 
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4 
it is chemically stable; it is colorless; and so forth. One aspect 
is a composition having a suitable valance regarding these 
characteristics. Another aspect is a polymer obtained from 
such composition. Another aspect is a polymer satisfying at 
least tWo characteristics among the characteristics such that it 

has orientation of homogeneous, tilted, homeotropic, tWisted 
and so forth; it has an orientation having no (or less) defects; 
it has a large optical anisotropy; it is tightly adhered to a 
supporting plate; it has a su?icient hardness; it is colorless 
and transparent; it has a large heat resistance; it has a large 
Weatherability; and so forth. 

The present invention shall be described in the folloWing 
items. 

Item 1. A composition containing at least one compound 
represented by Formula (1) as a ?rst component, at least one 
compound represented by Formula (2) as a second compo 
nent and at least one compound represented by Formula (3) as 
a third component: 

(1) 

in Formula (1), R is hydrogen or methyl; L is hydrogen, 
?uorine, chlorine, methyl, tri?uoromethyl or cyano; A is 1,4 
phenylene, 2-?uoro-l,4-phenylene, 2,3-di?uoro-l,4-phe 
nylene, 2-methyl-l ,4-phenylene, 2-tri?uoromethyl-l ,4-phe 
nylene, 2,3 -bis(tri?uoromethyl)- l ,4-phenylene, 4,4‘ 
biphenylene, 2,6-naphthylene, 9-methyl?uorene-2,7-diyl or 
9,9-dimethyl?uorene-2,7-diyl; Z is 4COOi, 4OCOi, 
%H2CH2COOi, ADCOCH2CH2i, 
%H:CHCOOi, iOCOCH:CHi, %H2CH2i, 
4CECi, iCHZOi or 4OCH2i; and n is an integer of 
l to 10. 

Formula (1) is symmetrical in right and left. HoWever, the 
individual compounds represented by this formula may be 
asymmetrical in right and left. The examples of the asymmet 
ric compound is the compound in Which R at a left side is 
hydrogen and R at a right side is methyl; tWo L’s at a left side 
are hydrogen and tWo L’s at a right side are hydrogen and 
?uorine; Z at a left side is iCOOi and Z at a right side is 
4OCOi; n at a left side is 6 and n at a right side is 8. 

Preferred R is hydrogen, and preferred L is hydrogen or 
?uorine. More preferred R is hydrogen. Preferred A is 1,4 
phenylene, 2-methyl-l,4-phenylene, 2-tri?uoromethyl-l,4 
phenylene, 2,3-bis(tri?uoromethyl)-l,4-phenylene, 9-meth 
yl?uorene-2,7-diyl or 9,9-dimethyl?uorene-2,7-diyl. Further 
preferred A is 9-methyl?uorene-2,7-diyl. Preferred Z is 
%OOi, ADCOi, %H2CH2COOi, 
ADCOCH2CH2i, %H:CHCOOi or 
4OCOCH:CHi. More preferred Z is iCOOi or 
4OCOi. The bonding group Z is bonded to the ring A. The 
ring A is preferably bonded to oxygen of 4COOi rather 
than carbon of 4COOi. Preferred n is 2, 4, 6 or 8. Further 
preferred n is 6. 
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in Formula (2), L is hydrogen or ?uorine; A is 1,4-phenylene, 
2-?uoro-1,4-phenylene, 2,3-di?uoro-1,4-phenylene, 2-me 
thyl-1,4-phenylene, 2-tri?uoromethyl- 1 ,4-phenylene, 2,3 - 
bis(tri?uoromethyl)-1,4-phenylene, 4,4'-biphenylene, 2,6 
naphthylene, 9-methyl?uorene-2,7-diyl or 9,9 
dimethyl?uorene-2,7-diyl; Z is 4COOi, 4OCOi, 
iCH2CH2COOi, 4OCOCH2CH2i, 
iCH:CHCOOi, 4OCOCH:CHi, 4CH2CH2i, 
*CECi, 4CH2Oi or 4OCH2i; and n is an integer of 
1 to 10. 

Formula (2) is symmetrical in right and left. However, the 
individual compounds represented by this formula may be 
asymmetrical in right and left. Preferred L is hydrogen. Pre 
ferredA is 1,4-phenylene, 2,3-di?uoro-1,4-phenylene, 2-me 
thyl-1,4-phenylene, 2,3 -bis(tri?uoromethyl)-1,4-phenylene, 
9-methyl?uorene-2,7-diyl or 9,9-dimethyl?uorene-2,7-diyl. 
Preferred Z is iCOOi, iOCOi, 4CH2CH2COOi, 
iOCOCH2CH2i, 4CH:CHCOOi or 
iOCOCH:CHi. More preferred Z is iCOOi or 
iOCOi. The bonding group Z is bonded to the ring A. The 
ring A is preferably bonded to oxygen of 4COOi rather 
than carbon of iCOOi. Preferred n is 2, 4, 6 or 8. More 
preferred n is 6. 

in Formula (3), R is hydrogen or methyl; L is hydrogen or 
?uorine; X is tri?uoromethyl, tri?uoromethoxy, cyano, alkyl 
of1 to 10 carbons or alkoxy of1 to 10 carbons;Y is hydrogen 
or ?uorine; Z is a single bond, 4COOi, 4OCOi, 
iCHZCHZCOOi, ADCOCH2CH2i, 
iCH:CHCOOi, A)COCH:CHi, %H2CH2i, 
*CECi, 4CH2Oi or 4OCH2i; and n is an integer of 
1 to 10. 

Preferred R is hydrogen. Preferred L is hydrogen. Pre 
ferred X is tri?uoromethyl, tri?uoromethoxy, cyano, alkyl of 
1 to 8 carbons or alkoxy of 1 to 8 carbons. PreferredY is 
hydrogen. Preferred Z is a single bond, iCOOi or 
iOCOi. In Formula (3), Z being in a direction of 
iCOOi is preferable to Z being in a direction of 4OCOi. 
Preferred n is 2, 4, 6 or 8. More preferred n is 6. 

Item 2. The composition according to the item 1, Wherein 
in Formula (1), R is hydrogen or methyl; L is hydrogen, 
?uorine, chlorine, methyl or tri?uoromethyl; A is 1,4-phe 
nylene, 2-?uoro-1,4-phenylene, 2,3-di?uoro-1,4-phenylene, 
2-methyl-1 ,4-phenylene, 2-tri?uoromethyl- 1 ,4-phenylene, 
2,3 -bis(tri?uoromethyl)- 1 ,4-phenylene, 4,4'-biphenylene, 
2,6-naphthylene, 9-methyl?uorene-2,7-diyl or 9,9-dimeth 
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(2) 
O 

O —(- CH2 ‘)7 O F 

yl?uorene-2,7-diyl; Z is 4COOi, 4OCOi, 
%H2CH2COOi, ADCOCH2CH2i, 
4CH:CHCOOi or 4OCOCH:CHi; and n is an inte 
ger of 1 to 10; and Wherein in Formula (2), L is hydrogen or 
?uorine; A is 1,4-phenylene, 2-?uoro-1,4-phenylene, 2,3-di 
?uoro-1,4-phenylene, 2-methyl-1,4-phenylene, 2-tri?uo 
romethyl-1 ,4-phenylene, 2,3-bis(tri?uoromethyl)-1 ,4-phe 
nylene, 4,4'-biphenylene, 2,6-naphthylene, 
9-methyl?uorene-2,7-diyl or 9,9-dimethyl?uorene-2,7-diyl; 
Z is ‘C004, 4OCOi, 4CH2CH2COOi, 
4OCOCH2CH2i, 4CH:CHCOOi or 
4OCOCH:CHi; and n is an integer of 1 to 10; and 
Wherein in Formula (3), R is hydrogen or methyl; L is hydro 
gen or ?uorine; X is tri?uoromethyl, tri?uoromethoxy, cyano, 
alkyl of 1 to 10 carbons or alkoxy of 1 to 10 carbons; Y is 
hydrogen or ?uorine; Z is a single bond, 4COOi, 
4OCOi, iCHzCHzCOOi, 4OCOCH2CH2i, 
4CH:CHCOOi or 4OCOCH:CHi; and n is an inte 
ger of 1 to 10. 

Item 3. The composition according to the item 1, Wherein 
in Formula (1), R is hydrogen; L is hydrogen or ?uorine; A is 
1,4-phenylene, 2-?uoro-1,4-phenylene, 2,3-di?uoro-1,4 
phenylene, 2-methyl-1,4-phenylene, 4,4'-biphenylene, 2,6 
naphthylene, 9-methyl?uorene-2,7-diyl or 9,9-dimethyl?uo 
rene-2,7-diyl; Z is 4COOi, 4OCOi, 
4CH2CH2COOi, 4OCOCH2CH2i, 
4CH:CHCOOi or 4OCOCH:CHi; and n is an inte 
ger of 1 to 10; and Wherein in Formula (2), L is hydrogen or 
?uorine; A is 1,4-phenylene, 2-?uoro-1,4-phenylene, 2,3-di 
?uoro-1,4-phenylene, 2-methyl-1,4-phenylene, 2-tri?uo 
romethyl-1,4-phenylene or 2,3-bis(tri?uoromethyl)-1,4-phe 
nylene; Z is iCOOi, 4OCOi, 4CH2CH2COOi, 
4OCOCH2CH2i, 4CH:CHCOOi or 
4OCOCH:CHi; and n is an integer of 1 to 10; and 
Wherein in Formula (3), R is hydrogen; L is hydrogen or 
?uorine; X is tri?uoromethyl, tri?uoromethoxy, cyano, alkyl 
of 1 to 10 carbons or alkoxy of 1 to 10 carbons; Y is hydrogen 
or ?uorine; Z is a single bond, 4COOi, 4OCOi, 
4CH:CHCOOi or 4OCOCH:CHi; and n is an inte 
ger of 1 to 10. 

Item 4. The composition according to the item 1, Wherein 
in Formula (1), R is hydrogen; L is hydrogen; A is 1,4 
phenylene, 2-methyl-1,4-phenylene, 9-methyl?uorene-2,7 
diyl or 9,9-dimethyl?uorene-2,7-diyl; Z is 4COOi or 
4OCOi; and n is an integer of 1 to 10; and Wherein in 
Formula (2), L is hydrogen; A is 1,4-phenylene, 2-?uoro-1, 
4-phenylene, 2-methyl-1,4-phenylene or 2,3-bis(tri?uorom 
ethyl)-1,4-phenylene; Z is 4COOi or 4OCOi; and n is 
an integer of 1 to 10; and Wherein in Formula (3), R is 
hydrogen; L is hydrogen; X is tri?uoromethoxy, cyano, alkyl 
of 1 to 10 carbons or alkoxy of 1 to 10 carbons;Y is hydrogen; 
Z is a single bond, 4COOi or iOCOi; and n is an integer 
of 1 to 10. 

Item 5. The composition according to in the item 1, 
Wherein in Formula (1), R is hydrogen; L is hydrogen; A is 
1,4-phenylene, 2-methyl-1,4-phenylene, 9-methyl?uorene 
2,7-diyl or 9,9-dimethyl?uorene-2,7-diyl; Z is 4COOi, 
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iOCOi, iCH:CHCOOi or A)COCH:CHi; and n 
is an integer of 1 to 10; and wherein in Formula (2), L is 
hydrogen; A is 1,4-phenylene, 2-?uoro-1,4-phenylene, 2-me 
thyl-1,4-phenylene or 2,3-bis(tri?uoromethyl)-1,4-phe 
nylene; Z is iCOOi, iOCOi, iCH:CHCOOi or 
iOCOCH:CHi; and n is an integer of 1 to 10; and 
Wherein in Formula (3), R is hydrogen; L is hydrogen; X is 
cyano; Y is hydrogen; Z is a single bond or iCOOi; and n 
is an integer of 1 to 10. 

Item 6. The composition according to any one of the items 
1 to 5, Wherein a ratio of the ?rst component is 40 to 80% by 
Weight, a ratio of the second component is 10 to 30% by 
Weight, and a ratio of the third component is 10 to 30% by 
Weight, each of Which is based on the Whole Weight of the ?rst 
component, the second component and the third component. 

\ 

Item 7. The composition according to any one of the items 
1 to 6, further containing a compound represented by Formula 
(4) as a fourth component: 

(4) 
(R4)r 

in Formula (4), R3 is straight-chain alkylene of 2 to 10 car 
bons, and in this alkylene, one or tWo 4CH2i Which are not 
adjacent to each other may be replaced by 40* or iNHi; 
R4 is methyl, ethyl, propyl or isopropyl; R5 is methyl, ethyl or 
trimethylsilyl; and r is 0, 1 or 2. 

Item 8. The composition according to any one of the items 
1 to 6, further containing a compound represented by Formula 
(4) as a fourth component: 

(4) 
(R4)r 

in Formula (4), R3 is straight-chain alkylene of 2 to 8 carbons, 
and in this alkylene, one iCHZi may be replaced by 
iNHi; R5 is methyl or ethyl; and r is 0. 
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Item 9. The composition according to any one of the items 

1 to 6, further containing a compound represented by Formula 
(4) as a fourth component: 

(4) 
(R4)r 

in Formula (4), R3 is linear alkylene having a carbon number 
of2 to 6; R5 is methyl or ethyl; and r is 0. 

Item 10. A composition containing a compound repre 
sented by Formula (1a) as a ?rst component, a compound 
represented by Formula (2a) as a second component and a 
compound represented by Formula (3a) as a third component: 

(1a) 

(2a) 

(3 a) 

in the above formulas, A is 2-methyl-1,4-phenylene or 2,3 
bis(tri?uoromethyl)-1,4-phenylene; Z is iCOOi or 
4OCOi; and n is an integer of1 to 10. 

Item 1 1. The composition according to the item 10, further 
containing a compound represented by Formula (ot-l) as a 
fourth component, and an added amount of the fourth com 
ponent is 0 to 20% by Weight based on the Whole Weight of the 
?rst component, the second component and the third compo 
nent: 

((1-1) 

Item 12.A polymer obtained from the composition accord 
ing to any one of the items 1 to 11. 

Item 13. The polymer obtained by polymerizing the com 
position according to any one of the items 1 to 11, after 
coating the composition on a ?lm of triacetyl cellulose treated 
With saponi?cation or a supporting plate of glass. 

Item 14. A phase difference plate or a polarizing plate 
having the polymer according to the item 12 or 13. 

Item 15. A liquid crystal display device having the phase 
difference plate or the polariZing plate according to the item 
14. 

Item 16. Use of the polymer according to the item 12 or 13 
as an optical compensation ?lm. 
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The composition of the present invention contains at least 
three components of the compound (1), the compound (2) and 
the compound (3). This composition may further contain the 
compound (4) as the fourth component. 

1) Composition of Three Components 
This composition has a nematic phase at room temperature. 

The kind of orientation in this phase depends on the kind of a 
supporting plate, the presence or absence of rubbing treat 
ment in the supporting plate, and the kind of the compound 
(2). The supporting plate treated With rubbing tends to orient 
the composition homogeneous, tilted and so forth. When the 
supporting plate has an orientation ?lm, orientation depends 
as Well on the kind of the orientation ?lm in a certain case. 

2) Composition of Four Components 
This composition contains a silane coupling agent as the 

fourth component. This composition has a nematic phase at 
room temperature. Orientation in this phase is mainly homeo 
tropic. This composition is oriented in a homeotropic state on 
a supporting plate or a supporting plate having an orientation 
?lm. A speci?c orientation ?lm is not required in order to 
orient the composition in a homeotropic state. A supporting 
plate (or an orientation ?lm and so forth) having a polar group 
such as iCOOi, NHZi and OH on a surface strongly tends 
to orient the composition in a homeotropic state. 

The component compounds in the composition of the 
present invention shall be explained. The compound (1) has a 
liquid crystal skeleton and tWo polymeriZable groups. A poly 
mer of this polymeriZable compound can be assumed to have 
a three-dimensional structure, and therefore the polymeriZ 
able compound provides a harder polymer as compared With 
a compound having one polymerizable group. This com 
pound is liable to be oriented in a homogeneous state, though 
depending on the conditions such as a supporting plate, addi 
tives and so forth. The compound (2) has as Well a liquid 
crystal skeleton and tWo polymeriZable groups. This poly 
meriZable compound provides as Well a relatively hard poly 
mer. The polymeriZable group has ?uorine, and therefore this 
compound has the effects of loWering a solidifying point of 
the composition and reducing defects in orientation and so 
forth. This compound is liable to be oriented, though depend 
ing on the conditions of a supporting plate and additives, in a 
homogeneous state. The compound (3) has one polymeriZ 
able group. This compound has a property to enlarge a tilt 
angle of other liquid crystal molecules. The compound (4) is 
not a polymeriZable compound. This compound is a silane 
coupling agent used for surface treatment and so forth. This 
compound interacts With hydrogen of a polar group that is 
present on the surface of a supporting plate. This compound 
has the effect that makes liquid crystal molecules oriented in 
a homeotropic state. 

The structure of the composition of the present invention 
shall be explained. This composition contains the compound 
(1), the compound (2) and the compound (3). This composi 
tion contains at least three compounds. This composition may 
contain tWo or more compounds of the compound (1), (2) or 
(3). This composition may further contain the compound (4). 
This composition may contain other polymeriZable com 
pounds Which are different from the compounds (1), (2) and 
(3). This composition may further contain an additive such as 
a surfactant in order to form a thin paint ?lm. HoWever, the 
surfactant is not necessarily required for the purpose of con 
trolling the kind of orientation. This composition may contain 
an additive such as a polymeriZation initiator, a photosensi 
tiZer and so forth Which is suited to polymerization. This 
composition may contain an additive such as a UV absorber, 
an antioxidant and so forth in order to improve the character 
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10 
istics of the polymer. This composition may contain an 
organic solvent. The organic solvent is useful for forming a 
paint ?lm having an even thickness. 

This composition is classi?ed into the folloWing composi 
tion A, composition B and so forth. The compositionA con 
tains the compounds (1), (2) and (3). The compositionA may 
further contain the compound (4), the other polymeriZable 
compound, the additive, the organic solvent and so forth. The 
composition B contains the compounds (1), (2) and (3) as the 
polymeriZable compounds but does not contain the other 
polymeriZable compound. The composition B may further 
contain the compound (4). The composition B may further 
contain the additive, the organic solvent and so forth. The 
composition B has smaller number of the components as 
compared With the composition A. The composition B is 
more preferred than the compositionA from the vieWpoint of 
the cost. The composition A is more preferred than the com 
position B since the characteristics thereof can further be 
controlled by the other polymeriZable compound. 

In the composition A and the composition B, the mixing 
ratio of the compounds (1), (2) and (3) is as folloWs. The 
preferred ratio of the compound (1) is 40 to 80%. More 
preferred ratio is 50 to 80%. The preferred ratio of the com 
pound (2) is 10to 30%. More preferred ratio is 15 to 25%. The 
preferred ratio of the compound (3) is 10 to 30%. More 
preferred ratio is 15 to 25%. The added amounts of the com 
pound (4), the other polymeriZable compound, the additive 
and so forth are ratios based on the Whole Weight of the 
compounds (1), (2) and (3). The preferred added amount of 
the compound (4) is 0 to 25%. More preferred added amount 
is 0 to 15% or 5 to 15%. The preferred added amount of the 
other polymeriZable compound is 0 to 20%. More preferred 
added amount is 0 to 10% or 5 to 15%. The added amount of 

the additive such as the surfactant, the polymerization initia 
tor and so forth may be minimum amounts to achieve the 
objects. The same shall apply to the added amount of organic 
solvent. 

The compounds (1) to (4) can be synthesiZed by suitably 
combining knoWn methods in organic synthetic chemistry. 
Methods for introducing or forming the intended terminal 
groups, rings, bonding groups and so forth into starting mate 
rials are described in Organic Syntheses, John Wiley & Sons, 
Inc.; Organic Reactions, John Wiley & Sons, Inc.; Compre 
hensive Organic Synthesis, Pergamon Press; and Shin-Jikken 
Kagaku KoZa (N eW Experimental Chemical Course), 
MaruZen. 

The synthetic method of the compound (1) is described in 
an international publication pamphlet WO 01/ 53248 A1 
speci?cation. The compound (2) is synthesiZed in the folloW 
ing manner. ot-Fluoroacrylic acid or ot-?uoroacrylic acid 
chloride can be used for a method of introducing ot-?uoro 
acryloyloxy (CH2:CFiCOOi), and a method of acting 
ot-?uoroacrylic acid ?uoride (CH2:CFCOOF) is more use 
ful. The synthetic methods of ot-?uoroacrylic acid ?uoride are 
described in J. Org. Chem., 1989, 54, 5640, JP S60-158137 
A/1985, JP S61 -85345 A/1986 and so forth, and the synthesis 
is possible according to those methods. The compound (2) is 
synthesiZed by utiliZing those compounds as starting materi 
als. 

Next, the examples of the component compounds shall be 
shoWn. In these examples, the compounds (1) and (2) are 
symmetrical in right and left. These compounds may be 
asymmetrical in right and left. The preferred compounds (1) 
are compounds (1-1), (1-2), (1-3) and so forth. 
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In Formulas (1 -1) to (1-3), L is hydrogen or ?uorine; A is The preferred compounds (2) are compounds (2-1), (2-2), 

1,4-pheny1ene, 2-methy1-1,4-pheny1ene, 2-tri?uoromethy1- (2-3) and so forth. 

(Z-1) 

1 i1: 
L 

1,4-pheny1ene, 2,3-bis(tri?uoromethy1)-1,4-pheny1ene, 45 In Formulas (2-1) to (2-3), L is hydrogen or ?uorine; A is 
9-methy1?uorene-2,7-diy1 OI‘ 9,9-dimethy1?uorene-2,7-diy1, 1,4-pheny1ene, 2-?uQrQ-L4-pheny1ene, 2,3-di?uQrQ-L4 
Which are described below; and n is an integer of 1 to 10. phenylene, 2_methy1_1,4_pheny1ene’ 2_tri?uOI-Omethy1_1’4_ 

phenylene, 2,3-bis(tri?uoromethy1)-1,4-pheny1ene, 9-meth 
CH3 C133 50 y1?uorene-2,7-diy1 or 9,9-dimethy1?uorene-2,7-diy1 Which 

E are described below; and n is an integer of 1 to 10. 

C F F F 
H CH3 55 

F3C C113 2 

60 

cH3 c1:3 F3C C113 

65 < j < j i 5 

Di if 
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-continued -continued 
H CH3 (3-2) 

0 L L Y 
5 

H O—(-CH2-)7O COO X 

10 Y 

H3C CH3 

(3-3) 

0 L L Y 

15 

H o—(-CH3-);o oCo X 

The preferred compounds (3) are compounds (3-1), (3-2), 
(3-3) and so forth. Y 

20 

(3—1) In Formulas (3-1) to (3-3), L is hydrogen or ?uorine; X is 
O L L Y tri?uoromethyl, tri?uoromethoxy, cyano, alkyl of 1 to 10 

carbons or alkoxy of 1 to 10 carbons; Y is hydrogen or 
25 ?uorine; and n is an integer of 1 to 10. 

The preferred compounds (1), (2) and (3) are the following. 
The compounds (1A) to (1F) do not correspond to the com 

Y pound (1-1). The compounds (2A) to (2D) do not correspond 
to the compound (2-1). 

(1-1-1) 
0 0 

(1-1-2) 
CH3 

0 O 

4>—O—(CHz)n—O4®iCOO OCO4®iO—(CH2)n— —<~ 
(1-1-3) 

CF3 

_ O O _ 

(1-1-4) 
F3C CF3 

O O‘GO O 
_ O O _ 

(1-1-5) 
F3C CF3 

F 

O 

F 

o o 

— o 0 (KO 
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(1-2-2) 

0113 

(1-2-3) 

CF3 

(1-2-4) 

(1-3-1) 

0113 

(1-3-2) 

0113 

0 F 

0 

0 0—(c112),)—04<~ 
(1-3-3) 

0113 

(1A) 
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CH3 oCH3 

HZNAQiSKOCHm 

CH3 

((1-3) 

((1-4) 

((1-5) 

((1-6) 

((1-7) 

((1-3) 

((1-9) 

((1-10) 

((1-11) 

((1-12) 

((1-13) 

(01- 14) 
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(01-16) 

((1-17) 
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-continued 
((1-1 s) 

O H 

More preferred compounds (4) are the compounds (01-1), 
(01-2), (01-6), (01-7), (01-11), (01-14), (01-16) and so forth. The 
particularly preferred compounds (4) are the compounds 
(01-1), (01-2) and (01-14). The most preferred compound is the 
compound (01-1). 

Next, the examples of the other polymeriZable compound, 
the additive and the organic solvent shall be shoWn. These 
compounds may be commercially available products. The 
examples of the other polymeriZable compounds are com 
pounds having one polymeriZable group such as methyl 
(meth)acrylate and acrylonitrile, and compounds having at 
least tWo polymeriZable groups such as 1,4-butanediol 
di(meth)acrylate and so forth. The examples of the surfactant 
are polyethylene glycol, esters of polyethylene glycol, poly 
ethylene glycol fatty acid esters, per?uoroalkylethlene oxide 
adducts, oligomers having a per?uoroalkyl group and a 
hydrophilic group, oligomers having a per?uoroalkyl group 
and a lipophilic group, urethane having a per?uoroalkyl 
group and so forth. The examples of the polymeriZation ini 
tiator are photopolymeriZation initiators such as 2-hydroxy 
2-methyl-1-phenylpropane-1-one, Irgacure 907 (manufac 
tured by Ciba Specialty Chemicals Inc.) and so forth. The 
examples of the photosensitiZer are isopropylthioxanthone 
and so forth. The examples of the UV absorber are Tinuvin PS 
(manufactured by Ciba Specialty Chemicals Inc.), Tinuvin 
400 (manufactured by Ciba Specialty Chemicals Inc.) and so 
forth. The examples of the antioxidant is Irganox 1076 
(manufactured by Ciba Specialty Chemicals Inc.) and so 
forth. The examples of the organic solvent are non-polar 
solvents such as benZene, toluene, xylene, carbon tetrachlo 
ride, and polar solvents such as ethanol, 2-propanol, butanol, 
ethyl acetate, lactic acid esters (ethyl lactate), dimethylfor 
mamide, N-methyl-2-pyrrolidone, y-butyrolactone, propy 
lene glycol monoethyl ether acetate and so forth. 
A polymer ?lm is prepared from the composition of the 

present invention in the folloWing manner. When the compo 
sition contains an organic solvent, a paint ?lm obtained by 
vaporizing the organic solvent is prepared on a supporting 
plate. The organic solvent is vaporiZed by methods such as 
bloWing, heating and so forth. The heating method is pre 
ferred from the vieWpoint of reducing defects in orientation. 
This is because When loWering the temperature of the com 
position, orientation is stabiliZed by rearrangement. The pre 
ferred temperature is in the order of 120° C. or less, 900 C. or 
less and 70° C. or less. The composition of this paint ?lm has 
a nematic phase at room temperature in many cases. Next, this 
paint ?lm is irradiated With a UV ray and so forth to polymer 
iZe the composition. The temperature of the paint ?lm is 
preferably room temperature. This is because stabiliZed ori 
entation can be ?xed as it is by polymerization. When this 
paint ?lm does not have a nematic phase at room temperature, 
the paint ?lm is heated until the temperature gets into a 
temperature range of this phase, and then it is irradiated With 
a UV ray. 

The examples of the supporting plate are a plastic ?lm such 
as polyethylene naphthalate, polycarbonate, triacetyl cellu 
lose (hereinafter abbreviated as TAC), norbomene resins and 
so forth, and a glass plate and so forth. A supporting plate of 
TAC may be used as it is, or its surface may be treated With 
saponi?cation (hydrolytic treatment). The supporting plate 
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may be covered With an orientation ?lm such as polyimide. 
The examples of the orientation ?lm are polyamic acid, poly 
imide, polyamide, products obtained by hydrolyZing silane 
coupling agents and so forth. Commercially available prod 
ucts may be used as they are for the orientation ?lm. The 
chemical structure of polyamic acidWhich is a precursor of an 
oriented ?lm may be selected for the purpose of controlling a 
tilt angle of liquid crystal molecules. Such supporting plate 
(or an orientation ?lm) may be treated With rubbing of a cloth 
of rayon, cotton, polyamide and so forth on its surface before 
preparing the paint ?lm. 

The paint ?lm of the composition is prepared on the sup 
porting plate in an even thickness. Preferred is a method in 
Which the composition dissolved in the organic solvent is 
coated and then the organic solvent is vaporiZed. The com 
position is coated by methods such as a spin coating method, 
a dip coating method, a gravure coating method, a micro 
gravure coating method, a die coating method, a Wire bar 
coating method and so forth. The composition of the paint 
?lm is polymerized by irradiating With light such as electron 
beams, UV rays, visible rays, infrared rays (heat rays) and so 
forth, after removing the organic solvent. UV rays are pre 
ferred from the vieWpoint of polymeriZation at room tempera 
ture. A preferred range of the Wavelength is 150 to 500 nm. 
More preferred range is 250 to 450 nm, and the particularly 
preferred range is 300 to 400 nm. The examples of the light 
source are a metal halide lamp, a xenon lamp, a ultrahigh 
voltage mercury lamp, a high voltage mercury lamp and so 
forth. A preferred range of the intensity of radiation is 10 to 
3000 mJ/cm2, and more preferred range is 100 to 2000 
mJ/cm2. 

The polymer of the present invention has a form such as a 
?lm, a plate, a particle, a poWder and so forth. The polymer 
may be molded. A preferred thickness of the polymer depends 
on a value of an optical anisotropy and its uses. A preferred 
thickness of the polymer ?lm is in the range of 0.05 to 50 pm. 
More preferred thickness is in the range of 0.1 to 20 pm. The 
particularly preferred thickness is in the range of 0.5 to 10 pm. 
A haZe value of these polymers is generally 1.5% or less. A 
transmittance of these polymers is generally 80% or more in 
a visible light area. Such polymers are suitable to a thin ?lm 
of optical anisotropy used for liquid crystal display devices. 

The polymer has a function of optical compensation and 
therefore is used for a phase difference plate, a polariZing 
plate and so forth. The polymer ?lm is useful for liquid crystal 
display devices of a TN type (a tWisted nematic type), an STN 
type (a super tWisted nematic type) and so forth for the pur 
pose of optical compensation. The polymer ?lm is useful as 
Well for optical devices integrated With a polarizing plate and 
so forth. The polymer ?lm may be used by each pixel of blue, 
green or red in a liquid crystal display device. Refer to, for 
example, JP 2001 -222009 A/ 2001 . When a liquid crystalline 
compound is dispersed in the polymer ?lm, there are uses for 
liquid crystal display devices of a polymer-dispersed type, 
liquid crystal display devices of a holographic polymer-dis 
persed type and so forth. Refer to, for example, JP H6-340587 
A/ 1994. The polymer ?lm obtained from the composition 
containing an optically active compound has a tWisted orien 
tation in Which liquid crystal molecules are regularly tWisted 
like a spiral. When a length of a spiral pitch is about several 
pm, the polymer ?lm has a function as an aZimuth rotator. 

EXAMPLES 

The present invention shall be explained beloW in details 
With reference to examples and the present invention, hoW 
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28 
ever, shall not be restricted to these examples. Methods of 
polymeriZation, measurement, evaluation and so forth in the 
examples Were as folloWs. 

(1) Paint ?lm of a composition: A composition diluted With 
a solvent Was coated on a supporting plate by a spin coating 
method. The supporting plate Was heated at 700 C. for 3 
minutes to remove the solvent. The paint ?lm formed Was 
observed Whether or not it had a liquid crystal phase such as 
a nematic phase at room temperature for 3 minutes. 

(2) PolymeriZation of a composition: The paint ?lm 
formed on the supporting plate Was irradiated With a UV ray 
(30 mW/cm2: 365 nm) at 250 C. for 30 seconds under nitrogen 
atmosphere by means of a ultrahigh pressure mercury lamp 
(250 W). The polymer ?lm thus obtained Was interposed 
betWeen tWo polariZing plates disposed in a cross nicols state. 
When this ?lm stayed in a dark ?eld, the presence of light 
leaking (?ne transmission of light) Was observed. The light 
leaking is generated When liquid crystals are defective in 
orientation. When the light leaking Was not observed, it Was 
judged that orientation Was even. 

(3) Orientation of liquid crystal molecules: Orientation of 
the polymer ?lm Was determined based on an angle depen 
dency of a transmitted light intensity. 

1) Observation by naked eyesithe polymer ?lm Was inter 
posed betWeen tWo polariZing plates disposed in a cross 
nicols state, and the ?lm surface Was irradiated With light 
from a vertical direction (a gradient angle Was 0 degree). A 
change in the transmitted light Was observed While changing 
the gradient angle of irradiation from 0 degree to, for 
example, 60 degrees. A direction of irradiation inclined Was 
alloWed to agree With a direction of rubbing (a longitudinal 
direction of the liquid crystal molecules). When the transmit 
ted light from a vertical direction Was maximum, it Was 
judged that orientation Was homogeneous. This is because a 
director of the liquid crystal molecules is parallel to a sup 
porting plate in homogeneous orientation. On the other hand, 
When the transmitted light from a vertical direction Was mini 
mum and the transmitted light greW large as the gradient 
angle Was increased, it Was judged that orientation Was 
homeotropic. This is because a director of the liquid crystal 
molecules is vertical to a supporting plate in homeotropic 
orientation. There is a case that the transmitted light from a 
vertical direction is not maximiZed or minimiZed When the 
gradient angel is changed from 60 degrees to minus 60 
degrees through 0 degree. Refer to FIG. 2. Orientation in this 
case Was judged as tilted. This is because the director is 
standing up from a parallel state to a vertical state as the 
director becomes apart from the plate in tilted orientation. 

2) Measurement by a polariZation analyZing apparatusian 
OPTIPRO polariZation analyZing apparatus manufactured by 
Shintec Co., Ltd. Was used. The polymer ?lm Was irradiated 
With light having a Wavelength of 5 50 nm. Retardation (phase 
lag) Was measured While reducing an incident angle of this 
light from 90 degrees to the ?lm face. The retardation is 
shoWn by An><d. The code An is optical anisotropy, and the 
code d is a thickness of the polymer ?lm. 

Example 1 

Preparation of the Polymer Film (1) 

Added to a mixture of the folloWing three components Was 
a polymeriZation initiator, lrgacure 907 (manufactured by 
Ciba Specialty Chemicals Inc.) of 3% by Weight based on the 
above mixture. Toluene Was further added to the mixture to 
prepare the composition (1) of a solution of 25% by Weight. 
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A supporting plate Was a TCA ?lm treated With saponi?- irradiated With a UV ray to obtain a polymer ?lm (2). This 
cation that Was rubbed With a rayon cloth (YA-18R manufac- ?lm had even tilted orientation. Results obtained by measur 
tured byYoshikaWa Chemical Co., Ltd.). The composition (1) ing retardation of the above ?lm are shoWn in FIG. 2. 
Was coated on the supporting plate and heated. The resulting 25 
paint ?lm Was transparent at room temperature for 3 minutes Example 3 
and had a nematic phase. Next, the paint ?lm Was irradiated 
With a UV ray to give the polymer ?lm (1). This ?lm had even Preparation of the Polymer Film (3) 
homogeneous orientation. Results obtained by measuring 
retardation of the ?lm are shoWn in FIG. 1. 30 Alkoxysilane (ot-l) of 10% by Weight based on the Whole 

Weight of the three components Was added to the composition 
Example 2 (1) prepared in Example 1 to give the composition (3). 

Preparation of the Polymer Film (2) 
35 (OH) 

Added to a mixture of the folloWing three components Was HZN Si(OC2H5)3 
the polymerization initiator, lrgacure 907 (manufactured by W 
Ciba Specialty Chemicals Inc.) of 3% by Weight based on the 
above mixture. Toluene Was further added to the mixture to A supporting plate Was a TAC ?lm treated With saponi? 
prepare the composition (2) of a solution of 25% by Weight. cation that Was not rubbed. The composition (3) Was coated 

O O 

) @ O—(—CH2-)6—O o o O—(CH2—)6—O 

_ @ YO _ O O 

F O 

A supporting plate Was a TAC ?lm treated With saponi?- on the supporting plate and heated. The resulting paint ?lm 
cation that Was rubbed by a rayon cloth (YA-18R manufac- Was transparent at room temperature for 3 minutes and had a 
tured byYoshikaWa Chemical Co., Ltd.). The composition (2) nematic phase. Next, the paint ?lm Was irradiated With a UV 
Was coated on the above supporting plate and heated. The 65 ray to give the polymer ?lm (3). This ?lm had even homeo 
resulting paint ?lm Was transparent at room temperature for 3 tropic orientation. Results obtained by measuring retardation 
minutes and had a nematic phase. Next, the paint ?lm Was of the ?lm are shoWn in FIG. 3. 
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Example 4 

Preparation of the Polymer Film (4) 

Alkoxysilane (ct-1) of 10% by Weight based on the Whole 
Weight of the three components Was added to the composition 
(2) prepared in Example 2 to give the composition (4). 

((1-1) 

A supporting plate Was a TAC ?lm treated With saponi? 

cation that Was not rubbed. The composition (4) Was coated 

on the supporting plate and heated. The resulting paint ?lm 
Was transparent at room temperature for 3 minutes and had a 

nematic phase. Next, the paint ?lm Was irradiated With a UV 

ray to obtain the polymer ?lm (4). This ?lm had even homeo 
tropic orientation. Retardation of the ?lm Was measured to 

give a curve, Which is similar to that shoWn in FIG. 3. 

Example 5 

Preparation of the Polymer Film (5) 

A glass plate having the orientation ?lm (1) Was used for a 
supporting plate. A precursor of the orientation ?lm (1) is 
polyamic acid. This polyamic acid Was prepared in the fol 
loWing manner. 

1) Preparation of Polyamic Acid 
Reaction Was carried out under nitrogen atmosphere. A 

four neck ?ask of 200 mL Was charged With 4,4'-diamino 

diphenylmethane (3.02 g; 1.52><10_2 mol) and dehydrated 
N-methyl-2-pyrrolidone (54.0 g), and this solution Was 
cooled doWn to 50 C. Cyclobutanetetracarboxylic acid dian 

hydride (2.98 g; 1 52x10“2 mol) Was added to the solution and 
stirred at room temperature for 30 hours. The reaction Was 

traced by measuring a viscosity of the reaction mixture. After 
the reaction had completed, butyl cellosolve (40.0 g) Was 
added thereto to prepare a 6.0 Weight % solution of polyamic 
acid. This solution Was heated at 50° C. for 2 hours to give the 

polyamic acid (1). The solution thus obtained had a viscosity 
of 60 mPa~s. The viscosity Was measured at 25° C. by means 

of an E type viscometer. The solution had a Weight average 

molecular Weight of 50,000. The Weight average molecular 
Weight Was measured at a column temperature of 50° C. by 
means of a GPC measuring apparatus (Chromatopack 
C-R7A) manufactured by Shimadzu Corporation. The stan 
dard solution Was polystyrene, and the e?°luent solution Was 

DMF. 

2) Preparation of an Oriented Film 

The solution of the polyamic acid (1) thus obtained Was 
coated on a glass plate by a spin coating method. This plate 
Was pretreated at 80° C. for 3 minutes and then further heated 
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32 
at 90° C. for 5 minutes to give a glass substrate having an 

orientation ?lm. This orientation ?lm of polyamic acid Was 

not rubbed. 

3) Polymerization 
The composition (4) obtained in Example (4) Was coated 

on the above glass substrate and heated. The resulting paint 
?lm Was transparent at room temperature for 3 minutes and 

had a nematic phase. Next, the paint ?lm Was irradiated With 

a UV ray to give the polymer ?lm (5). This ?lm had even 

homeotropic orientation. Retardation of the ?lm Was mea 

sured to give a curve Which is similar to that shoWn in FIG. 3. 

Example 6 

Preparation of the Polymer Film (6) 

1) Preparation of an orientation ?lm The solution of the 

polyamic acid (1) obtained in Example Was coated on a glass 
substrate by a spin coating method. This plate Was pretreated 
at 80° C. for 3 minutes and then further heated at 210° C. for 

30 minutes to give a glass plate having the orientation ?lm. 
This orientation ?lm of polyimide Was not rubbed. 

2) Polymerization 
The composition (4) obtained in Example (4) Was coated 

on the glass substrate and heated. The resulting paint ?lm Was 

transparent at room temperature for 3 minutes and had a 

nematic phase. Next, the paint ?lm Was irradiated With a UV 
ray to obtain the polymer ?lm (6). This ?lm had even homeo 
tropic orientation. Retardation of the above ?lm Was mea 

sured to obtain a curve Which is similar to that shoWn in 

FIG. 3. 

Example 7 

Preparation of the Polymer Film (7) 

1) Preparation of an Orientation Film 

A supporting plate Was a TAC ?lm treated With saponi? 
cation that Was not rubbed. Sila-ace SF330 marketed from 

Chisso Corporation Was diluted With ethanol to prepare a 25% 

mixed solution of ethanol/Water. SF330 is a product obtained 
by hydrolyzing 3-aminopropyltriethoxysilane. The solution 
Was coated on a supporting plate by a spin coating method and 
heated at 100° C. for 3 minutes to prepare an orientation ?lm. 

This orientation ?lm Was not rubbed. 

2) Polymerization 
The composition (4) obtained in Example (4) Was coated 

on the supporting plate obtained above and heated. Next, the 
supporting plate Was irradiated With a UV ray to obtain the 

polymer ?lm (7). This ?lm had even homeotropic orientation. 
Retardation of the ?lm Was measured to give a curve Which is 

similar to that shoWn in FIG. 3. 
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Comparative Example 1 

Preparation of a Polymer Film A 
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Added to a mixture of the three components described 
above Was the polymerization initiator, lrgacure 907 of 3% by 
Weight based on the mixture. Toluene Was further added to the preparation of the polymer Film C 
mixture to give the composition A of a solution of 25% by 
Weight. A paint ?lm Was obtained by a similar procedure 
described in that of Example 1, except that the compositionA 
Was used instead of the composition (1). The paint ?lm Was 
solid and did not have a liquid crystal phase. 

Comparative Example 3 

Alkoxysilane (ot-l) of 10% by Weight based on the Whole 
30 Weight of the three components Was added to the composition 

B obtained in Comparative Example 2 to give a composition 
C. A paint ?lm Was obtained by the similar procedure to that 

Comparative Example 2 of Example 3, except that the composition C Was used instead 
of the composition (3). The paint ?lm had a nematic phase but 

Preparation of the Polymer Film B had a lot of defects in orientation, and its appearance Was 
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Added to a mixture of the three components described cloudy. A polymer ?lm C obtained from the paint ?lm had a 

above Was the polymerization initiator, lrgacure 907 of 3% by lot of defects in orientation, and its appearance Was cloudy. 
Weight based on the above mixture. Toluene Was added to the 
above mixture to prepare the composition B of a solution of 

75% by Weight. A paint ?lm Was obtained in a similar proce- 60 INDUSTRIAL APPLICABILITY 
dure to Example, except that the composition B Was used 
instead of the composition (1). The paint ?lm had a nematic 
phase but had a lot of defects in orientation, and the appear- A5 apparent from the results Obtained in the examples and 
ance thereof Was cloudy. Next, the paint ?lm Was irradiated 65 the Comparative examples described abOVe, the Compositions 
With a UV ray to give the polymer ?lm B. The appearance of of the present invention provided the paint ?lms having an 
this ?lm remained cloudy evenly oriented liquid crystal phase. This crystal phase Was 








